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httpcense.Abstract Objective: The purpose of the present study was to assess the performance of 64-row
MDCT angiography in the mapping of hepatic vascular anatomy in potential living liver donors
with special attention paid to the anatomical variants, which inﬂuence the donor selection and sur-
gical planning.
Material and Methods: Evaluation of 43 potential living donors was performed using 64-row
MDCT scanner to obtain hepatic arterial and venous phases. Eleven subjects were excluded as they
did not perform the transplantation surgery. The hepatic arterial (HA) anatomy was evaluated and
classiﬁed according to Michel classiﬁcation with special attention given to those considered relative
or absolute contraindications for donation and those may alternating the surgical procedure. The
origin and course of the artery to segment IV were determined. Portal venous (PV) anatomy was
assessed and classiﬁed according to Cheng classiﬁcation. Hepatic venous anatomy was evaluated
with special attention paid to middle hepatic vein (MHV) anatomy, signiﬁcant accessory branches
crossing dissection line or that may require additional anastomosis.
Results: 64-Row MDCT was done for 43 potential living donors. Eleven subjects were excluded as
they did not perform the transplantation surgery. Thirty-two living donors for liver transplantation
were enrolled in this study. Standard hepatic arterial anatomy was determined in 19 subjects
(59.4%) while 13 candidates (40.6%) showed hepatic arterial variations. The replaced RHA arises
from the SMA was the commonest (n= 5, 15.6%). The dominant artery to segment IV was a
branch from the left hepatic artery (LHA) in 24 cases (75%) and from right hepatic artery in 8 cases
(25%). Classic portal venous anatomy was found in 26 candidates (81.2%) while its variants were.com (T.F. Taha Ali).
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326 T.F. Taha Ali et al.detected in 6 cases. Standard hepatic venous anatomy was found in 21 candidates (65.6%). A total
of 11 subjects (34.4%) showed hepatic venous variants. 8 cases (25%) had single signiﬁcant acces-
sory hepatic vein while 3 subjects (9.4%) had two or more signiﬁcant accessory hepatic veins. MHV
conﬂuence was late in 4 candidates (12.5%). An accessory inferior right hepatic vein was the
commonest accessory hepatic vein that was detected in 7 cases (21.9%).
Compared to surgical ﬁndings, MDCT correctly identiﬁed hepatic arterial and portal venous anat-
omy in all cases with no false positive or false negative cases. Sensitivity, speciﬁcity, PPV, NPV and
accuracy of MDCT in identiﬁcation of hepatic arterial and portal anatomy were all 100% while for
hepatic venous anatomy, the corresponding values were 83.3%, 100%, 100%, 90.1% and 93.8%,
respectively.
Conclusion: 64-Row MDCT is an essential part of pre-operative evaluation of potential liver
donors. It is a non-invasive comprehensive evaluation tool that can show the hepatic vascular
anatomic details with precise relationship to liver parenchyma.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Because of the severe shortage of cadaveric livers, transplan-
tation surgeons are increasingly turning to living donor liver
transplantation (LDLT) which was clinically introduced in
the early 1990s (1–3). This innovative procedure is complex
and allows healthy adults to donate portions of their livers
to compatible recipients in a fashion that does not endanger
the vascular supply or metabolic function (4,5). The donor
safety and preservation of donor health are of primary pri-
ority in this procedure, and one of the most important
challenges here is the management of the vascular tree dur-
ing the transplantation surgery so providing clear maps of
the hepatic vascularity of the donor and recipient are of
paramount importance (5–7). Hence, a detailed pre-operative
evaluation of hepatic vascular anatomy is mandatory; the
main goal is to provide a vascular arterial and venous
‘‘road map,’’ which is critical for surgical guidance to choose
the best approach and to identify the anatomy requiring spe-
cial attention at surgery to avoid bleeding complications
(3,5).
The advent of multi-detector-row CT (MDCT) at the end of
1998 made a revolutionary approach to liver imaging (8) that
permits high-speed and high-resolution imaging of the entire li-
ver during a single breath-hold. This had the advantages of
reducing the motion artifact and the better use of contrast bolus
together with accurate vascular mapping and depiction of ﬁne
anatomic vascular details (5,7,9). This is enhanced by the multi-
planar and multiphasic capabilities of MDCT. Multiplanar
capability means that CT images can be analyzed in multiple
planes (sagittal, coronal and oblique) attributed to the acquisi-
tion of three-dimensional data sets with near-isotropic voxels
(10). The multiphasic approach is achieved by fast scanning
which ensures accurate vascular phase selection (11,12). How-
ever, the advent of 64-row MDCT is considered a second revo-
lution in liver imaging where a 64-MDCT scanner acquires a
volume not only a slice, that to be reconstructed along any desir-
able plane, it provides a full multiplanar capability not achiev-
able even with 16-row MDCT. Scan time is so short that pure
vascular phases can be acquired (13).
The purpose of the present study was to assess the perfor-
mance of 64-row MDCT angiography in the mapping ofhepatic vascular anatomy in potential living liver donors with
special attention paid to the anatomical variants, which inﬂu-
ence the donor selection and surgical planning.2. Material and methods
2.1. Patients’ population
Forty-three potential liver donors were referred for MDCT
routine pre-operative work-up for liver transplantation. Eleven
subjects were excluded from this study, as surgery was not per-
formed because of the following reasons. The supposed recip-
ients developed contraindications to liver transplantation,
including PV thrombosis (n= 2) or metastatic hepatoma
(n= 1). Five candidates were excluded from surgery because
of insufﬁcient liver volume (n= 2) and moderate fatty liver
inﬁltration (n= 3), while 3 subjects deferred surgery. There-
fore, the current study included 32 living donors for liver trans-
plantation. They were 18 males and 14 females with a mean
age of 34.6 years (age range, 24–57 years). All subjects had
no history of any signiﬁcant medical diseases. This study was
approved by our institutional review board and informed
consent was obtained.
2.2. MDCT imaging
MDCT and MDCT angiography were performed in the poten-
tial donors using 64 multi-detector CT scanner (Somatom Def-
inition, Siemens, Germany), The examination included the
acquisition of unenhanced series followed by acquisition of
two-phase enhanced images: early arterial and portal phases.
The range of examination covered the entire liver. The whole
examination took about 75–90 s. For the post-contrast study,
the subject received 2 ml/kg of non-ionic low osmolar
iodinated contrast medium injected intravenously at a rate of
3–4 ml/s. Computer-assisted bolus-tracking software was used
to determine the optimal scan delay for each patient. For the
hepatic arterial phase, scanning is automatically triggered at
125 HU in the aorta at the celiac artery level. The venous phase
was acquired with an effective delay of 55–65 s after initiation
of the contrast material injection. Donors were requested to
Table 2 Portal vein variants according to Cheng classiﬁcation (15).
Type Description
1 The main portal vein bifurcates into two branches, the right and the left branches (typical anatomy)
2 The main portal vein divides into three branches, the right anterior, the right posterior, and the left portal veins (trifurcation)
3 Low insertion of the right posterior portal vein originating from the main portal vein
4 The right anterior portal vein arisen from the left portal vein or the left umbilical port
Table 1 Hepatic arterial variants according to the Michel classiﬁcation (14).
Type Description
I Common hepatic artery arises from the celiac trunk. After forming its gastroduodenal branch, the common hepatic
artery is called proper hepatic artery which divides into the left and the right hepatic arteries (normal anatomy)
II The replaced left hepatic artery arises from the left gastric artery
III The replaced right hepatic artery arises from the superior mesenteric artery
IV The association of the replaced left hepatic artery and the replaced right hepatic artery
V Accessory left hepatic artery
VI Accessory right hepatic artery
VII The association of the accessory left hepatic artery and accessory right hepatic artery
VIII The association of the replaced right hepatic artery and the accessory left hepatic artery or the association of the accessory
right hepatic artery and the replaced left hepatic artery
IX The proper hepatic artery originated from the superior mesenteric artery
X The proper hepatic artery arises from the left gastric artery
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hold volumetric data acquisition). CT scan was performed
with the following acquisition parameters 200–250 mAs,
120–140 kVp, 512 · 512 matrix, 1–1.5 pitch, and 64 · 0.625
mm section collimation. Slice thickness was 5 mm for the
pre-contrast study, 1–2 mm for the arterial phase and
2–5 mm for the venous phase. Image reconstruction thickness
was 1–2 mm with 50% overlap for the arterial phase and
2–5 mm with 50% overlap for the venous phase. All images
were transferred to dedicated workstation for post processing.
2.3. Image analysis
The imaging analysis was based on source images, multiplanar
reformats and three-dimensional (3D) post processing images
(maximum intensity projections (MIP) and volume rendering
(VR)) display reconstructions for mapping of the vascular
morphology. Consensus was achieved with simultaneous eval-
uation by 2 radiologists with consultation with a third radiol-
ogist in cases of conﬂict.
Hepatic arterial anatomy was categorized according to the
classiﬁcation of Michel (14) (Table 1) for the origins of the
right and left hepatic artery and the presence of any accessory
hepatic arteries. The length of the right and left hepatic artery
that is from their origin to next bifurcation was measured with
recordation of the presence of any ﬁliform or redundant arter-
ies that may impede arterial reconstruction. Special attention
was paid to identiﬁcation of origin of dominant artery to
segment IV with recording the distance between its origin
and the bifurcation of proper hepatic artery.
The variations of the portal vein were analyzed by Cheng
classiﬁcation (15) (Table 2). In classic PV anatomy, we mea-
sured the length of right and left portal vein as well as the
distance between the bifurcation of the left portal vein and thatof the right portal vein. Detection of undivided main portal
vein was of special concern.
A triplet of hepatic veins draining separately into the inferior
vena cava (IVC) was considered as the classic anatomy. We fo-
cused on evaluation of signiﬁcant accessory hepatic vein that is
a relatively big accessory branch (diameterP 4 mm) that
crosses the dissection line or that may require additional anas-
tomosis. MHV had special interest, especially its conﬂuence:
early (away from IVC/late (very close to the IVC) as well asmid-
dle hepatic vein (MHV) dominance over right hepatic vein (i.e.
MHV provide drainage for a large portion of the right lobe).
2.4. Gold standard and statistical analysis
The MDCT results regarding vascular morphology were com-
pared with the operative ﬁndings, which served as the standard
of reference in all our cases. Statistical analyses were made
with the Statistical Package for Social Sciences (SPSS) version
12.0 for Windows. Sensitivity, speciﬁcity, negative and positive
predictive values and accuracy for MDCT were calculated.
T-test and McNemar test were used. P< 0.05 was accepted
as statistically signiﬁcant.3. Results
64-row MDCT was done for 43 potential living donors. Eleven
subjects were excluded from the study because of lack of their
gold reference (i.e. they did not perform liver transplantation
surgery). So ﬁnally 32 living donors for liver transplantation
were enrolled in this prospective study. They were 18 males
and 14 females with a mean age of 34.6 years (age range, 24–
57 years). The CT examinations were well tolerated by all
the candidates and we recorded no complications nor adverse
Fig. 2 Classic hepatic arterial anatomy. MDCT Coronal oblique
MIP reformatted image. Common hepatic artery (CHA) arises
from the celiac trunk (CT). After forming its gastroduodenal
branch (GDA), the CHA is called proper hepatic artery (PHA)
which divides into the left (LHA) and the right (RHA) hepatic
arteries.
Table 3 MDCT angiographic ﬁndings of hepatic arterial anatomy.
Anatomical variation
Classic anatomy (type I)
Replaced left hepatic artery arises
from the left gastric artery (type II)
Replaced right hepatic artery arises
from the superior mesenteric artery (type III)
Associated replaced left hepatic artery
and the replaced right hepatic artery (type IV)
Accessory left hepatic artery (type V)
Accessory right hepatic artery(type VI)
The association of the replaced right
hepatic artery and the accessory
left hepatic artery (type VIII)
Dominant arterial supply to segment IV
Left hepatic artery
Right hepatic artery
Fig. 1 Distribution of classic and variant anatomy of (a) hepatic
arteries, (b) portal vein, and (c) hepatic veins.
328 T.F. Taha Ali et al.events associated with this procedure. Optimum arterial and
venous opaciﬁcation was fairly achieved in all subjects. Classic
and variant anatomy of hepatic arteries, portal vein and hepa-
tic veins was identiﬁed (Fig. 1).
3.1. Hepatic arterial anatomy
Identiﬁcation of the hepatic arteries and their main branches
was possible in all patients. According to Michel classiﬁcation,
standard arterial anatomy (type I) was determined in 19
subjects (59.4%) (Fig. 2) while 13 candidates (40.6%) showed
anatomical variants of the hepatic arterial supply (Table 3).
The distribution of hepatic arterial variants was as follows: 2
cases (6.3%) with replaced left hepatic artery (LHA) arising
from the left gastric artery (LGA) (type II) (Fig. 3a and b), 5
cases (15.6%) with replaced right hepatic artery (RHA) arising
from the superior mesenteric artery (SMA) (type III) (Fig. 3c).Number
(frequency)
19 (59.4%)
2 (6.3%)
5 (15.6%)
1 (3.1%)
3 (9.4%)
1 (3.1%)
1 (3.1%)
24 (75%)
8 (25%)
Fig. 3 MDCT Coronal oblique MIP reformatted images. (a and b) Same subject. The replaced left hepatic artery (RLHA) arises from
the left gastric artery (LGA). (c) The replaced right hepatic artery (RRHA) arises from the superior mesenteric artery (SMA). (d) The
association of the RLHA and RRHA. CT = celiac trunk. PHA= proper hepatic artery. RHA= Right hepatic artery. LHA= Left
hepatic artery. GDA= gastroduodenal artery.
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replaced RHA (type IV) (Fig. 3d), 3 cases (9.4%) with
accessory LHA (type V) ( Fig. 4a and b), one case (3.1%)
with accessory RHA (type VI) ( Fig. 4c and d), one case
(3.1%) with the association of the replaced RHA and the
accessory LHA (type VIII) (Fig. 5). None of our patients
was excluded from liver transplantation surgery on basis of
hepatic arterial variants.
The identiﬁcation of the dominant arterial branch to seg-
ment IV was possible in all cases. This artery was a branch
from the left hepatic artery in 24 cases (75%) (Fig. 6a), while
in 8 cases (25%) it branched from the right hepatic artery
(Fig. 6b).
Compared to surgical ﬁndings MDCT correctly identiﬁed
arterial variants in all cases; there were no false positive or
false negative cases. The sensitivity, speciﬁcity, PPV, NPVand accuracy of MDCT in identiﬁcation of hepatic arterial
anatomy were all 100%.3.2. Portal venous system
Classic portal venous anatomy in which the main portal vein
bifurcates into left and right portal veins was found in 26
candidates (81.2%) (Fig. 7). PV variants were detected in
6 cases (18.8%), of which 5 candidates (15.7%) presented
by trifurcation (Fig. 8a and b) while low insertion of the
right posterior portal vein originating from the main portal
vein was detected in one case (3.1%) (Fig. 8c) (Table 4,
Fig. 1b).
Comparison of MDCT to surgical ﬁndings showed that
MDCT correctly identiﬁed portal anatomy in all cases. The
Fig. 4 MDCT Coronal oblique MIP reformatted images. (a and b) Two different subjects with accessory left hepatic artery (ALHA)
arises from left gastric artery (LGA). (c and d) Another subject with accessory right hepatic artery (ARHA) arises from superior
mesenteric artery (SMA). CT = celiac trunk, CHA= common hepatic artery. PHA= proper hepatic artery. RHA= right hepatic
artery, LHA= left hepatic artery. GDA= gastroduodenal artery. SA = splenic artery.
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Fig. 5 MDCT coronal oblique MIP reformatted image.
Replaced right hepatic artery (RRHA) arises from superior
mesenteric artery (SMA) with accessory left hepatic artery
(ALHA) arises from LGA= left gastric artery. LHA= left
hepatic artery, CT = celiac trunk.
Fig. 6 MDCT axial MIP reformatted images. Dominant arterial
supply to segment IV (S4) arising from left hepatic artery (LHA)
(a) or right hepatic artery (RHA) (b). CHA= Common hepatic
artery.
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identiﬁcation of portal venous anatomy were all 100%.
3.3. Hepatic venous anatomy
Standard hepatic venous anatomy (a triplet of hepatic veins
draining separately into the inferior vena cava (IVC)) was found
in 21 candidates (65.6%) (Fig. 9). A total of 11 subjects (34.4%)
presented hepatic venous drainage variants. Eight cases (25%)
had single signiﬁcant accessory hepatic vein (Fig. 10) while 3
cases (9.4%)had twoormore signiﬁcant accessory hepatic veins.
The level ofMHVconﬂuence (Fig. 11)was late thatmay alter the
plane for right hepatectomy in 4 candidates (12.5%) while in the
other 28 cases (87.5%) it had early conﬂuence.
An accessory inferior right hepatic vein was the commonest
accessory hepatic vein detected in 7 cases (21.9%) (Table 5,
Fig. 1c).
Compared to surgical ﬁndings, MDCT correctly identiﬁed
venous anatomy in 30 cases. There were two false negative
cases at MDCT which were found at surgery, one draining
in middle hepatic vein and one draining in inferior cava vein.
There were no false positive cases.
The sensitivity, speciﬁcity, PPV, NPV and accuracy of
MDCT in identiﬁcation of hepatic venous anatomy were
83.3%, 100%, 100%, 90.1% and 93.8%, respectively.
The sensitivity, NPV and accuracy of MDCT in identiﬁca-
tion of hepatic arterial and portal venous anatomy were higher
than corresponding values in evaluation of hepatic venous
anatomy (Table 6).
4. Discussion
MDCT is now the most important tool in the assessment of
potential liver donors that can provide valuable informationwith a minimally invasive procedure. (7,9). It is essential that
the radiologist be familiar with the anatomical variant of hepa-
tic vessels especially those considered relative or absolute con-
traindications for donation, those requiring multiple
anastomoses, and those altering the surgical approach (4,16).
Michel (14) established a classiﬁcation system for classic
hepatic arterial anatomy as well as its variants. This hepatic
arterial variants were reported to be present in approximately
41-46% of cases (1,9,14,17–19). Our results coincide with this
agreement as the classic hepatic arterial anatomy was found
in 19 subjects (59.4%) while the total of its variants was de-
tected in 13 cases (40.6%). In contrast, lower hepatic arterial
variants frequencies were reported by Artioli and colleagues
2010 (20) (8/32, 25%) and Kamel and colleagues 2001 (5)
(12/40, 30%).
Of these variable hepatic arterial variants, several reports
(6,14,17,18) showed that the most common are a replaced or
accessory RHA arising from the superior mesenteric artery
(SMA) and a replaced or accessory LHA arising from the left
gastric artery. This is supported by the study carried out by
Artioli and colleagues 2010 (20), in which the most common
variant was replaced right hepatic artery arising from the supe-
rior mesenteric artery (type III). Type III variant was also the
dominant variant reported by Ozsoy and colleagues (21) in
their study for vascular hepatic variations in 496 Turks liver
donors (n= 43), and they reported type V as the subsequent
Fig. 7 Classic portal vein anatomy. Coronal oblique MDCT
MIP reformatted image. The main portal vein (MPV) bifurcates in
two branches, the right (RPV) and the left branches (LPV).
RPPV = right posterior portal vein branch. RAPV= right ante-
rior portal vein branch.
332 T.F. Taha Ali et al.variant (n= 36). On the other hand, equal dominance of type
III and type V was reported by Lee and colleagues (19) (15%
for each) as well as by Kamel and colleagues (5) (7.5% for
each).
In our study, the frequency of type III variant (replaced
right hepatic artery arising from the superior mesenteric ar-
tery) was the dominant hepatic arterial variant. We detected
it in 15.6% (n= 5) while the second common variant was type
V (accessory left hepatic artery) (n= 3, 9.4%). Type II was
detected in 6.2% (n= 2) while types IV, VI and VIII were
shown in one case (3.1%) for each.
Some hepatic arterial variants are suitable for the trans-
plantation surgery, while others are not. A replaced RHA or
LHA has the advantage of safer anastomoses because these
arteries are usually longer (22). On the other hand, the
presence of an accessory RHA or LHA may indicate the crea-
tion of a dual anastomosis because hepatic arteries are consid-
ered end arteries (23). However, the presence of intrahepatic
anastomoses in some situations can allow the ligature of the
smaller artery (24). In our series, none of the arterial variants
was considered a contraindication to liver transplantation.
Undisturbed inﬂow to segment IV in case of right lobe
resection must be secured, however the arterial supply to
segment IV may be quite variable, so precise identiﬁcation of
their origin as well as the distance to the bifurcation of the
proper hepatic artery is essential (9,25,26). This artery usually
arises from the left hepatic artery (LHA), while in 25–30% of
cases it arises from the right hepatic artery (RHA) or from
both the LHA and RHA (9,19). In our study, MDCT was able
to identify the dominant artery to segment IV in all cases. It
was a branch from LHA in majority of subjects (n= 24,
75%) while it was a branch from RHA in 25% subjects(n= 8). This agrees with the results of Kamel and colleagues
2001 (5) who demonstrated that MDCT had correctly identi-
ﬁed the dominant artery supplying segment IV in all 12 pa-
tients who underwent preoperative conventional angiography
and concluded that conventional angiography did not show
any additional unsuspected vascular ﬁndings missed on CT.
The sensitivity, speciﬁcity; PPV, NPV, and accuracy of
MDCT in identiﬁcation of hepatic arteries anatomy were all
100%, this results support the result of earlier study carried
out by Artioli and colleagues 2010 (20) who also reported that
the sensitivity, speciﬁcity, PPV, NPV, and accuracy of MDCT
in identiﬁcation of hepatic arteries anatomy were all also
100%. In addition, this matches with the results of Schroeder
and colleagues (27) who reported a similar accuracy of MDCT
in depicting arterial anatomy (100%) (27). Stemmler and col-
leagues (28) concluded also that three-dimensional MDCT
angiography is accurate for the classiﬁcation of hepatic arterial
anatomy (28).
Particular attention should be paid to some portal vein
(PV) variants. Trifurcation of the portal vein is a signiﬁcant
variant in which the main portal vein trifurcates into right
anterior, right posterior, and left portal venous branches,
awareness of this variant anatomy is important, as it needs
to be surgically reconstructed in cases of right lobe donation
(7,29). On the other hand, an undivided main portal vein is
considered absolute contraindications for right lobe dona-
tion (7,24). Several series reported anatomical variants of
the portal system to be approximately 20–26% of the donor
population (1,9,19,21,30). Our results are close to those re-
ports, as in our study, the conventional anatomy of the por-
tal vein was identiﬁed in 26 cases (81.2%), while other
variants were detected in 6 cases (18.8%). In contrast, lower
frequency (9%) of PV variants was reported by Artioli and
colleagues 2010 (20). While on the other hand, Covey and
colleagues 2004 (31) reported PV variants in 35% of their
patients.
Trifurcation of PV is assigned in many literatures to be the
most common PV variant with variable approximate frequen-
cies of 7.8–16% of patients (5,6,20,21,31). In the series of Oz-
soy and colleagues 2011 (21) for 496 Turks liver donors,
conventional anatomy was the commonest (n= 390, 78.6%),
while trifurcation was observed in 12.7% (63 subjects). On
the other hand, the right posterior portal vein originating from
the main portal vein in 6.9% (34 subjects). The right anterior
portal vein arisen from the left portal vein or the left umbilical
port in 9 subjects (1.8%).
In a large cohort study carried out by Koc¸ and colleagues
2007 (30), they reported classic (normal) branching of portal
vein in 1087 of total 1396 patients included in their study
(78.5%) while trifurcation of PV was the second common type
found in 154 (11.1%). The next most common variation was a
right posterior PV branch that was the ﬁrst branch of the main
PV (n= 134, 9.7%).
In the current study trifurcation of PV also constituted the
most common PV variant (n= 5, 15.7%) while we encoun-
tered one case (3.1%) with right posterior portal vein originat-
ing from the main portal vein. In the current study, MDCT
was able to measure the length of right and left portal vein
as well as the distance between their bifurcations in all subjects
with classic portal anatomy. This measurements would have an
important impact on surgical management to ensure safe anas-
tomosis (4,6).
Fig. 8 MDCTMIP reformatted images of different subjects. (a) (axial) and (b) (coronal oblique) Showing trifurcation of the main portal
vein (MPV) into three branches, the right anterior (RAPV), the right posterior (RPPV), and the left portal veins (LPV). (c) (coronal
oblique) Showing low insertion of the right posterior portal vein (RPPV) originating from the main portal vein (MPV). LPV = left portal
vein, RAPV = right anterior portal vein.
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the sensitivity, speciﬁcity, PPV, NPV, and accuracy of MDCT
in identiﬁcation of Portal system anatomy were all 100%. This
is conﬁrmed by our results as the sensitivity, speciﬁcity; PPV,
NPV, and accuracy of MDCT in identiﬁcation of hepatic
arteries anatomy were all also 100%.
The hepatic venous anatomy identiﬁcation is also crucial
for liver transplantation, multiple hepatic venous variants ex-
ist, but their importance varies, in our series we paid special
attention to signiﬁcant accessory hepatic vein (diame-
terP 4 mm) which crosses dissection line or that may require
additional anastomosis.
In our study, we identiﬁed 21 subjects (65.6%) with classic
hepatic veins anatomy, in that a triplet of hepatic veins
draining separately into the inferior vena cava (IVC), while
11 (34.4%) cases had one or more anatomical variants. Our re-sults are more close to the results of Goyen and colleagues
2004 (1) who reported hepatic venous system variations in
45/150 (30%). In contrast Artioli and colleagues 2010 (20) re-
ported standard hepatic venous anatomy in only 8/32 (25%) of
their subjects, while 24/32 candidates (75%) presented with
variants of the hepatic venous drainage.
Anatomic variations in the conﬂuence pattern of the middle
hepatic vein (MHV) are of great importance as MHV anatomy
is actually the key to right lobe donation because the hepatec-
tomy plane runs 1 cm to the right of the MHV, with the sub-
sequent necessity of transaction of one or more of its branches.
This situation is more common with late conﬂuence of
branches forming the MHV or dominance of the MHV over
the right hepatic vein (RHV) (MHV drains a large portion
of the right lobe) (9,32). In our series MDCT was able to
evaluate MHV conﬂuence in all cases, and we encountered 4
Table 4 MDCT angiographic ﬁndings of portal venous
anatomy.
Anatomical variation Number (frequency)
Classic anatomy 26 (81.2%)
Trifurcation 5 (15.7%)
Right posterior portal vein
originating from the main portal vein
1 (3.1%)
334 T.F. Taha Ali et al.subjects (12.5%) with late conﬂuence of MHV. While MHV
dominance was detected in 3 (9.4%) subjects.
Special consideration should be paid to accessory hepatic
veins draining separately into the IVC, especially if the vein
is larger than 3–5 mm and/or the distance between the opening
of the conﬂuence of the main hepatic vein into the IVC and the
accessory vein is more than 4 cm. In that situation, it would be
necessary to modify the surgical planning of anastomosis to
prevent unexpected bleeding and drained sector congestion
and ischemia. (5,29,33–35).
Artioli and colleagues 2010 (20) series of 32 potential liver
donors, reported 17 of their cases had accessory right lobe
veins draining in inferior cava vein and 15 cases had accessory
branches draining in middle hepatic vein crossing dissection
line. Other studies reported an accessory RHV in 52.5% of
patients, two or more accessory hepatic veins in 12–15%,
and an accessory vein draining the caudate lobe in 12% while
the most common hepatic venous variant was an accessory
inferior RHV (5,29,36,37).
In current study, single signiﬁcant accessory hepatic vein
was identiﬁed in 8 cases (25%) while two or more signiﬁcant
hepatic veins were found in 3 cases (9.4%). The right inferior
hepatic vein was the commonest and was detected in 7 subjects
(21.9%).
We encountered two false negative cases at MDCT that
were found at surgery, one with an accessory branch draining
to middle hepatic vein and the another with an accessory
branch draining to IVC, this can be attributed to poorFig. 10 Accessory hepatic vein (AHV). MDCTMIP reformatted
image: axial (a) and coronal (b): AHV draining into the IVC. (c)
Axial image: AHV draining into middle hepatic vein (MHV).
RHV= right hepatic vein, LHV= left hepatic vein.
Fig. 9 Axial MDCT image shows classic triplet of hepatic veins
draining separately into the inferior vena cava (IVC).
RHV= right hepatic vein, MHV=middle hepatic vein,
LHV= left hepatic vein.opaciﬁcation of that vessels. The sensitivity, speciﬁcity, PPV,
NPV and accuracy of MDCT in identiﬁcation of hepatic ve-
nous anatomy were 83.3%, 100%, 100%, 90.1% and 93.8%,
respectively.
Our results were in accordance with the opinion of Schroe-
der and colleagues (27) who thought that the assessment of the
Fig. 11 Conﬂuence of middle hepatic vein (CM). Axial MDCT
MIP reformatted images of early conﬂuence (a) and late conﬂu-
ence (b). RHV= right hepatic vein, LHV= left hepatic vein,
PV = portal vein.
Table 5 MDCT angiographic ﬁndings of hepatic venous
anatomy.
Anatomical variation Number (frequency)
Classic anatomy 21 (65.6%)
Single signiﬁcant accessory hepatic vein 8 (25%)
P2 signiﬁcant accessory veins 3 (9.4%)
MHV dominance 3 (9.4%)
Conﬂuence of MHV
Early 28 (87.5%)
Late 4 (12.5%)
Table 6 MDCT angiographic ﬁndings compared to surgical ﬁnding
Hepatic arterial anatomy (%) Por
Sensitivity 100 100
Speciﬁcity 100 100
PPV 100 100
NPV 100 100
Accuracy 100 100
Pre-operative hepatic vascular mapping of living donor for liver transplantation using 64-MDCT 335hepatic venous system on MDCT images is more difﬁcult than
the evaluation of the arterial or portal systems. This opinion
was also previously conﬁrmed by Artioli and colleagues 2010
(20), who concluded that the sensitivity, speciﬁcity, PPV,
NPV, and accuracy of MDCT in identiﬁcation of hepatic veins
anatomy were 91%, 100%, 100%, 73%, and 92%,
respectively.
In the current study, MDCT was able to identify important
vascular variants that have inﬂuenced patient selection and
surgical planning, such as trifurcation of PV, while none of
the vascular variants in this study was considered an absolute
contraindication to liver transplantation. 64-row MDCT
examination of the liver provided satisfactory and comprehen-
sive vascular mapping for potential donors before liver trans-
plantation. The data provided had paramount importance in
candidate selection to ensure donor safety as well as in surgical
planning. Our data support the previous results (5,33) which
concluded that MDCT scans can accurately depict the vascular
anatomy in a way that is helpful to the surgeon.
The present study had some limitations. First, it included
a relatively small number of patients. Secondly, digital sub-
traction angiography was not performed primarily to avoid
exposing subject who otherwise healthy to more risks not
deemed wholly necessary. Therefore, the surgical conﬁrma-
tion of the hepatic vascular anatomy was the gold standard,
so we had to exclude 11 patients who did not perform the
transplantation surgery.
In conclusion, 64-row MDCT angiography is an essential
part of pre-operative evaluation of potential donors. It is a
non-invasive comprehensive evaluation tool that can show
the hepatic vascular anatomic details with precise demonstra-
tion of its relationship to liver parenchyma.
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